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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized zoom lens of about three- 
variable power ratio suitable for a small-sized image pickup device such as a video 
camera and a digital still cameraetc. 

SOLUTION: The zoom lens 1 is constituted of a 1st lens group GR1 whose refractive 
power is positivea 2nd lens group GR2 whose refractive power is negativea 3rd lens 
group GR3 whose refractive power is positive and a 4th lens group GR4 whose 
refractive power is positive in order from an object side to an image field IMG sideand 
zooming is accomplished by moving the 2nd lens group GR2 and the 4th lens group 
GR4. In this casethe 1st lens group GR1 is constituted of a 1st single lens L1 whose 
refractive power is negativea prism P for bending an optical path and a 2nd single lens 
L2 whose refractive power is positive in order from the object side. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st lens group that has positive refracting power from the object side in 
order to the image surface side. 

The 2nd lens group that has negative refracting power. 
The 3rd lens group that has positive refracting power. 
Positive refracting power. 

It is the zoom lens provided with the aboveand was constituted by the 2nd lens of the 
1st lens of a single lens in which the 1st lens group of the above has negative 
refracting power sequentially from the object sideprism with which an optical path is 



bentand a single lens which has positive refracting power. 

[Claim 2]The zoom lens according to claim 1 characterized by making it satisfy the 
following conditions. 

ndl_1>1.75nudl_1<30however ndl_1: — a refractive index in d line of the 1st lensand 
nudl_1: — it is considered as an Abbe number in d line of the 1st lens. 
[Claim 3]The zoom lens according to claim 1 constituting a field of at least 1 of the 
1 st lens according to an aspheric surface. 

[Claim 4]The zoom lens according to claim 1 making into a convex a field it turned 
[ field ] to the object side of the 1 st lens. 

[Claim 5]The zoom lens according to claim 2 making into a convex a field it turned 
[ field ] to the object side of the 1 st lens. 

[Claim 6]The zoom lens according to claim 3 making into a convex a field it turned 
[ field ] to the object side of the 1st lens. 

[Claim 7]The zoom lens according to claim 1 constituting the at least 1 st of each 
fields of a lens which constitutes the 4th lens group according to an aspheric surface. 
[Claim 8]The zoom lens according to claim 2 constituting the at least 1st of each 
fields of a lens which constitutes the 4th lens group according to an aspheric surface. 
[Claim 9]The zoom lens according to claim 3 constituting the at least 1 st of each 
fields of a lens which constitutes the 4th lens group according to an aspheric surface. 
[Claim 10]The zoom lens according to claim 4 constituting the at least 1st of each 
fields of a lens which constitutes the 4th lens group according to an aspheric surface. 
[Claim 1 1]The zoom lens according to claim 5 constituting the at least 1st of each 
fields of a lens which constitutes the 4th lens group according to an aspheric surface. 
[Claim 12]The zoom lens according to claim 6 constituting the at least 1st of each 
fields of a lens which constitutes the 4th lens group according to an aspheric surface. 
[Claim 13]A zoom lens indicated to claim 1 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 14]A zoom lens indicated to claim 2 satisfying the following conditions. 
4.5<f GRl /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 15]A zoom lens indicated to claim 3 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 16]A zoom lens indicated to claim 4 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 1 7]A zoom lens indicated to claim 5 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fwrlens whole system. 



[Claim 18]A zoom lens indicated to claim 6 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 19]A zoom lens indicated to claim 7 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 20]A zoom lens indicated to claim 8 satisfying the following conditions. 
4.5<f GRl /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 21 ]A zoom lens indicated to claim 9 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 22]A zoom lens indicated to claim 10 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 23]A zoom lens indicated to claim 1 1 satisfying the following conditions. 
4.5<f GR ,/fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 

[Claim 24]A zoom lens indicated to claim 12 satisfying the following conditions. 
4.5<f GR1 /fw<12however f GR1 : Consider it as a focal distance of the 1st lens groupand a 
focal distance in a wide end of fw:lens whole system. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the optimal zoom lens with a variable 
power ratio of about 3 times for a small video cameraa digital still cameraetc. 
[0002] 

[Description of the Prior Art]In recent yearsif it is in small imaging devicessuch as a 
video camera and a digital still cameramuch more miniaturization is called for and the 
lens for photography and the miniaturization according [ especially a zoom lens ] to 
shortening of an overall lengthetc. are called for in connection with this. 
[0003]If it is in the above-mentioned lens for photographyand the thing for digital still 
cameras especiallythe demand to a zoom lens including the wide angle region whose 
field angle in a wide angle end is about 70-80 degrees is increasing with the 
miniaturizationand improvement in lens performance is also simultaneously called for 
corresponding to high-pixel-izing of an image sensor. 
[0004] 

[Problem(s) to be Solved by the Invention]As a small zoom lens for small imaging 



devicesthere is a zoom lens of 2 group composition of the retrofocus type which 
comprises the 1st lens group that has a negative refractive indexand the 2nd lens 
group that has positive refracting power sequentially from the object side. Howeverif 
it is in the zoom lens of such 2 group compositionit is difficult to enlarge a variable 
power ratioand since an overall length also changes in connection with zooming 
operationas a small object for imaging equipmentit is disqualified. 
[0005]There is a zoom lens of 4 group composition which comprises the 1st lens 
group that has positive refracting powerthe 2nd lens group (BARIETA) that has 
negative refracting powerthe 3rd lens group (compensator) that has positive 
refracting powerand the 4th lens group (master) that has positive refracting power 
sequentially from the object side. Howeversince an overall length becomes longthe 
zoom lens of such 4 group composition is disqualified as a small object for imaging 
equipment. 

[0006]The 1st lens group that has positive refracting power sequentially from the 
zoom lens [ which was indicated to JP8-248318A ]i.e.objectsidel_ike the zoom lens of 
4 group composition which comprises the 2nd lens group (BARIETA) that has negative 
refracting powerthe 3rd lens group (compensator) that has positive refracting 
powerand the 4th lens group (master) that has positive refracting powerArrange prism 
between the lenses of the position by the side of the object of the 1st lens groupand 
prism is inserted for the 1 st lens group in betweenAlthough divide into the lens group 
which has positive refracting power in the object side at the negative and image 
surface sideand an afocal system is constituted and there are some which shortened 
order length by bending an optical path with prismThere was a problem that this type 
of zoom lens will have much composition number of sheets of a lensits overall length 
will moreover also still be longand a manufacturing cost will also become high. 
[0007]This invention makes it a technical problem to provide a small zoom lens with 
an optimal variable power ratio [ for small imaging equipmentsuch as a video camera 
and a digital still camera] of about 3 times in view of the above-mentioned problem. 
[0008] 

[Means for Solving the Problem]In order to solve an aforementioned problemthis 
invention zoom lensThe 1st lens group that has positive refracting power from the 
object side in order to the image surface sideand the 2nd lens group that has negative 
refracting powerln a zoom lens which was made to perform zooming by comprising the 
3rd lens group that has positive refracting powerand the 4th lens group that has 
positive refracting powerand moving the 2nd lens group of the aboveand the 4th lens 
groupThe 2nd lens of the 1 st lens of a single lens which has negative refracting power 
for the 1st lens group sequentially from the object sideprism which bends an optical 
pathand a single lens which has positive refracting power constitutes. 
[0009]Thereforeit becomes possible to miniaturize a zoom lens with an optimal 
variable power ratio [ for small imaging equipmentsuch as a video camera and a digital 
still camera] of about 3 times. 



[0010] 

[Embodiment of the Invention] Belowthe embodiment of this invention zoom lens is 
described with reference to an accompanying drawing. As for drawing 1 thru/or 
drawing 4 the 1st embodiment (numerical example 1 ) drawing 5 or drawing 8 shows a 3rd 
embodiment (numerical example 3)respectivelyas for the 2nd embodiment (numerical 
example 2) drawing 9 or drawing 1 2 . 

[001 ^Introduction and the common matter in each embodiment are explained. 
[001 2]In the following explanationfrom the object sidecount "Si" and The i-th 
fieldRiThe curvature radius of the above-mentioned field Sithe spacing between the 
"di" object side to the i-th fieldand the i+1 st fieldsThe refractive index in d line 
(wavelength of 587.6 nm) of the i~th lens (Li) and "nudLi" shall show the Abbe 
number in d line of the i-th lens (Li)fshall show the focal distance of the lens whole 
systemandas for "ndl_i"Fno.shall show an open F value and "omega" half field angle. 
Howeveras for that by which PLP gasIRand CG were added after nd or nudthe 
refractive index or Abbe number of a cover glass of prisma low pass filteran infrared 
cut filterand an image sensor shall be shownrespectively. 
[0013]That from which a lens side is constituted by the aspheric surface is also 
contained in the lens used in each embodiment. 

[001 4]If aspherical surface shape sets the curvature radius in "x" and a lens vertex 
to "r" and sets a cone constant to "kappa" for the depth (distance of the optical axis 
direction from the peak of a lens side) of an aspheric surfacex=(y 2 /r)/1+(1-kappa-y 
7r 2 ) 1/2 +C4y 4 +C6y 6 +C8y 8 +C10and y 10 shall define. C4C6C8and C10 are the 4th 
aspheric surface coefficients [ 6th / 8th / 10th Respectively. 
[0015]The zoom lenses 12and 3 in the 1st thru/or the 3rd exampleAs shown in 
drawing 1 drawing 5 and drawing 9 4th lens group GR4 which has 1st lens group GR1 
which has positive refracting power in order to the image surface IMG side2nd lens 
group GR2 which have negative refracting power3rd lens group GR3 which have 
positive refracting powerand positive refracting power from the object side is 
comprised. The prism with which the zoom lenses 1 thru/or 3 have been arranged 
[ two lenses and in the meantime ] to which 1 st lens group GR1 changes from the 1 st 
lens L1 and the 2nd lens L2three lenses and 3rd lens group GR3 to which 2nd lens 
group GR2 changes from the 3rd lens L3the 4th lens L4and the 5th lens L5 — 6th 
lens L6 — and4th lens group GR4 is a thing of four nine group composition which has 
three lenses which comprise the 7th lens L7the 8th lens L8and the 9th lens 
L9respectively. 

[001 6]It extracts between 2nd lens group GR2 and 3rd lens group GR3and low pass 
filter LP gas and cover glass CG of the infrared cut filters IR and CCD are arranged 
for ID sequentially from the object side between 4th lens group GR4 and the image 
surface IMG. 

[0017]And it is made to perform zooming by moving the above-mentioned 2nd lens 
group GR2 and 4th lens group GR4When carrying out zooming to a long focus 



distance end (tele edge) from a short focal length end (wide angle end)2nd lens silver 
GR2 moves 4th lens group GR4 to the image surface side from the object side so that 
an image position may be held. 

[001 8]It succeeds in the focus adjustment of the zoom lenses 1 thru/or 3 by moving 
4th lens group GR4. 

[0019]The 2nd lens L2 of the single lens which has the 1st lens L1 of the single lens 
of the meniscus shape which has negative refracting powerthe prism P which bends 
90 degrees of optical pathsand positive refracting power sequentially from the object 
side constitutes 1st lens group GR1. 

[0020]As for the zoom lenses 1 thru/or 3it is preferred that satisfy the following 
conditional expressions 1 and conditional expressions 2or at least one field 
constitutes according to an aspheric surface among each field of the 1 st lens L1 of a 
part. 

ndl_1>1.75 (conditional expression 1) 
nudL1<30 (conditional expression 2) 

HoweverndLI is a refractive index in d line of the 1st lens L1and nudL1 is an Abbe 
number in d line of the 1st lens LI. 

[0021]The conditional expression 1 is for specifying the yield of a distortion aberration 
with the 1st lens L1 that is a single lens which has the negative refracting power 
which constitutes 1 st lens group GR1 which has positive refracting power. If the value 
of ndL1 becomes the outside of the range specified by the conditional expression 
1the yield of a distortion aberration will become large to the refracting power of 1st 
lens group GR1 neededand it will become impossible that isfor the aspheric surface of 
4th lens group GR4 to amend this. 

[0022]The conditional expression 2 is for specifying the yield of the chromatic 
aberration by L1 with the 1st lens that is a single lens which has the negative 
refracting power which constitutes 1st lens group GR1 which has positive refracting 
power. That isif the value of nudL1 becomes the outside of the range specified by the 
conditional expression 2the yield of the chromatic aberration within the 1st lens group 
GR1 that has positive refracting power will become largeand it will become difficult 
[ the whole lens system ] to amend this. 

[0023]As for the field S1 by the side of the object of the 1st lens L1 of the zoom 
lenses 1 thru/or 3it is preferred that it is a convex towards the object side. This is 
because the negative distortion aberration which the above-mentioned field S1 
generates on this concave surface S1 as it is concave towards the object side 
becomes large and it becomes difficult to amend this in the lens whole system. 
[0024]It is desirable that at least one field is constituted by the aspheric surface 
among each field of the lens which constitutes 4th lens group GR4 of the zoom lenses 
1 thru/or 3and for at least one field of the lens especially located most in the image 
surface side to be constituted by the aspheric surface. 

[0025]Thusif an aspheric surface constitutes at least one field among the lens sides 



in the 4th lens group GR4Can amend now the negative distortion aberration in the 

wide angle end generated by 1st lens group GRIand by this. Power of the single lens 

(the 1st lens) L1 which has the negative refracting power of 1st lens group GR1 can 

be strengthened nowand a larger field angle can be obtained now. 

[0026]As for the zoom lenses 1 thru/or 3it is preferred to constitute so that the 

following conditional expressions 3 may be satisfied. 

4.5<f GR1 /fw<12 (conditional expression 3) 

Howeverf GR1 is a focal distance of 1st lens group GRIand fw is a focal distance in the 
wide angle end of the lens whole system. 

[0027]The conditional expression 3 specifies the ratio of the focal distance of 1st lens 
group GR1 which has positive refracting powerand the focal distance of the lens 
whole system. Namelyif the value of f GR1 /fw becomes 4.5 or lessthe positive power of 
1st lens group GR1 will become strong too much. [ whether with this single lens 
L2amendment of a spherical aberration becomes whether to be impossible by 2nd 
lens L2 power which has the positive refracting power in the 1st lens group GR1 and 
which is a single lens becoming largeand ] Or the power of the 1st lens that is a single 
lens which has negative refracting power will become weakand sufficient wide field 
angle-ization will become difficult. If the value of f GR1 /fw becomes 1 2 or morethe 
positive power of 1st lens group GR1 will become weak too muchthe overall length of 
the zoom lenses 1 thru/or 3 will become longand a miniaturization will become 
difficult. 

[0028]Nextthe peculiar matter of the zoom lenses 1 thru/or 3 concerning the 1st 
thru/or the 3rd example is explained. 

[0029]Each numerical value of the zoom lens 1 is shown in Table 1. The field which 
wrote (ASP) in addition after the numerical value of Ri is constituted by the aspheric 
surface (Table 4 and 7 which are mentioned later are also the same.). 
[0030] 
[Table 1] 



[0031 ]As shown in the above-mentioned table 1 in connection with zooming of the 
zoom lens land focusing operationthe spacing d7d12d15and d19 are variable (variable). 
Thereforeeach numerical value of d7 in the middle focal position (f= 9.0) of a wide 
angle end (f= 5.3)a tele edge (f= 15.6) and a wide angle endand a tele edged12d15and 
d19 and FNo.fand omega are shown in Table 2. 
[0032] 
[Table 2] 



[0033]The field S19 by the side of the field S14 by the side of the object of 6th lens 
L6 of 3rd lens group GR3 and the image surface of the 9th lens L9 of 4th lens group 



GR4 is constituted by the aspheric surface. The 4th aspheric surface coefficient C 
[ 6th / 8th / 10th ] 4 of the above-mentioned fields S14 and S19 and C6C8and C10 
are shown in following Table 3. 
[0034] 
[Table 3] 



[0035] "E" in the above-mentioned table 3 shall mean the exponential notation which 
uses 10 as a bottom. (Also setting to the Table 7 and 1 1 which are mentioned later 
the same.). 

[0036]The figure showing the spherical aberration in the middle focal position and tele 
edge of a wide angle enda wide angle endand a tele edge of the zoom lens 
lastigmatismand a distortion aberration is shown in drawing 2 t hru/or drawing 
^respectively. In a spherical aberration figurea solid line e line (wavelength of 546.1 
nm)and a dotted line (dashed line with a shorter pitch) C line (wavelength of 656.3 
nm)A value [ in / the dashed line can set a dashed dotted line on d linecan be set to 
an F line (wavelength of 486.1 nm)and / in a two-dot chain line / g line (wavelength of 
435.8 nm) ] is shownand a value [ in / a solid line can be set to a sagittal image 
surfaceand / in a dashed line / a meridional image surface ] is shown in an astigmatic 
figure. 

[0037]In the above-mentioned zoom lens lit is also made to manufacture by 
constituting 4th lens group GR4 with the cemented lens of the three lenses L7L8and 
L9 easily by making small **** of the image surface by the eccentricity within the 4th 
lens group GR4. 

[0038]Each numerical value of the zoom lens 2 is shown in Table 4. 

[0039] 

[Table 4] 



[0040]As shown in the above-mentioned table 4in connection with zooming of the 
zoom lens 2and focusing operationthe spacing d7d12d15and d20 are variable (variable). 
Thereforeeach numerical value of d7 in the middle focal position (f= 9.0) of a wide 
angle end (f= 5.3)a tele edge (f= 15.5) and a wide angle endand a tele edged12d15and 
d20 and FNo.fand omega are shown in Table 5. 
[0041] 
[Table 5] 

[0042]The field S14 by the side of the object of 6th lens L6 of 3rd lens group GR3the 
field S1 9 by the side of the object of the 9th lens L9 of 4th lens group GR4and the 
field S20 by the side of the image surface are constituted by the aspheric surface. 



The 4th aspheric surface coefficient C [ 6th / 8th / 10th ] 4 of the above-mentioned 
field S14S19and S20 and C6C8and C10 are shown in following Table 6. 
[0043] 
[Table 6] 



[0044]The figure showing the spherical aberration in the middle focal position and tele 
edge of a wide angle enda wide angle endand a tele edge of the zoom lens 
2astigmatismand a distortion aberration is shown in drawing 6 thru/ or drawing 
^respectively. In a spherical aberration figuree line and a dotted line show a value [ in 
/ the dashed line can set C line and a dashed dotted line on d linecan be set to an F 
lineand / in a two-dot chain line / g line ]and a solid line shows a value [ in / a solid 
line can be set to a sagittal image surfaceand / in a dashed line / a meridional image 
surface ] in an astigmatic figure. 

[0045]In the zoom lens 2the aspheric surface lens made from a plastic is used for the 
9th lens L9 of 4th lens group GR4and the zoom lens which can be cheaply 
manufactured with a miniaturization and highly efficient-ization is constituted. 
[0046]Each numerical value of the zoom lens 3 is shown in Table 7. 
[0047] 
[Table 7] 



[0048]As shown in the above-mentioned table 7in connection with zooming of the 
zoom lens 3and focusing operationthe spacing d7d12d15and d19 are variable (variable). 
Thereforeeach numerical value of d7 in the middle focal position (f= 9.0) of a wide 
angle end (f= 5.3)a tele edge (f= 15.5) and a wide angle endand a tele edged12d15and 
d19 and FNo.fand omega are shown in Table 8. 
[0049] 
[Table 8] 



[0050]The field S19 by the side of the field S2 by the side of the image surface of the 
1st lens L1 of the 1st lens groupthe field S14 by the side of the object of 6th lens L6 
of 3rd lens group GR3and the image surface of the 9th lens L9 of 4th lens group GR4 
is constituted by the aspheric surface. The 4th aspheric surface coefficient C [ 6th / 
8th / 10th ] 4 of the above-mentioned field S2S14and S19 and C6C8and C10 are 
shown in following Table 3. 
[0051] 
[Table 9] 



[0052]He is trying to amend the spherical aberration in a curvature of field and a long 
focus distance region in the zoom lens 3by constituting the field S2 by the side of the 
image surface of the 1st lens L1 in the 1st lens group GR1 according to an aspheric 
surfaceas described above. 

[0053]The figure showing the spherical aberration in the middle focal position and tele 
edge of a wide angle enda wide angle endand a tele edge of the zoom lens 
3astigmatismand a distortion aberration is shown in drawing 10 thru/or drawing 
Irrespectively. In a spherical aberration figuree line and a dotted line show a value 
[ in / the dashed line can set C line and a dashed dotted line on d linecan be set to 
an F lineand / in a two-dot chain line / g line ]and a solid line shows a value [ in / a 
solid line can be set to a sagittal image surfaceand / in a dashed line / a meridional 
image surface ] in an astigmatic figure. 

[0054]In the above-mentioned zoom lens 3like the zoom lens 1 in the 1 st example by 
constituting 4th lens group GR4 with the cemented lens of the three lenses L7L8and 
L9It is also made to manufacture easily by making small **** of the image surface by 
the eccentricity within the 4th lens group GR4. 

[0055]Each numerical value for searching for the monograph affair of the conditional 
expressions 1 thru/or 3 of the zoom lenses 1 thru/or 3 shown in the above 1st 
thru/or the 3rd example and the value of a monograph affair type are shown in 
following Table 10. 
[0056] 
[Table 10] 



[0057]As for the zoom lenses 1 thru/or 3as the conditions of the conditional 
expressions 1 thru/or 3 are satisfied and it is shown in each aberration figurein the 
middle focal position and tele edge of a wide angle enda wide angle endand a tele 
edgevarious aberration is also amended with sufficient balanceso that clearly also 
from the above-mentioned table 1 0. 

[0058]Thussince the field angle in a wide angle end fully includes a wide angle area 
with 74 degrees and various aberration is also amended goodthe zoom lenses 1 
thru/or 3 are preferred as an object for digital still cameras which uses an image 
sensor with many pixel numbers especially. 

[0059]The concrete shape and structure of each part which were shown in said 
embodiment are only what showed a mere example of the embodiment which hits that 
each carries out this inventionand the technical scope of this invention is not 
restrictively interpreted by these. 
[0060] 

[Effect of the Invention]So that clearly from the place indicated above this invention 
zoom lensThe 1st lens group that has positive refracting power from the object side 
in order to the image surface sideand the 2nd lens group that has negative refracting 



powerln the zoom lens which was made to perform zooming by comprising the 3rd 
lens group that has positive refracting powerand the 4th lens group that has positive 
refracting powerand moving the 2nd lens group of the aboveand the 4th lens 
groupSince the 2nd lens of the 1st lens of the single lens which has negative 
refracting power for the 1 st lens group sequentially from the object sidethe prism 
which bends an optical pathand the single lens which has positive refracting power 
constitutedA zoom lens with an optimal variable power ratio [ for small imaging 
equipmentsuch as a video camera and a digital still camera] of about 3 times can be 
miniaturized. 

[0061]If it is in the zoom lens indicated to claim 2Since it was made to satisfy the 
monograph affair of ndl_1>1.75 and nudL1<30 when the refractive index in d line of the 
1st lens and nudl_1 were made into the Abbe number in d line of the 1st lens for 
ndLUhe distortion aberration and chromatic aberration which are generated in the 1st 
lens group can be amended good. 

[0062]Since the aspheric surface constituted the field of at least 1 of the 1st lens if it 
was in the zoom lens indicated to claim 3the spherical aberration in a curvature of 
field and a long focus distance region can be amended good. 

[0063]Since the field it turned [ field ] to the object side of the 1st lens was made 
into the convex if it was in the invention indicated to claim 4 thru/or claim 6the 
negative distortion aberration from which amending in the lens whole system becomes 
difficult does not become large. 

[0064]If it is in the invention indicated to claim 7 thru/or claim 12Since the aspheric 
surface constituted the at least 1st of each fields of the lens which constitutes the 
4th lens groupSince the negative distortion aberration in the wide angle end generated 
from the 1 st lens group 2 can be effectively amended nowit becomes possible to 
strengthen power of the negative single lens of the 1st lens groupand a larger field 
angle can be obtained. 

[0065]If it is in the invention indicated to claim 13 thru/or claim 24Since it was made 
to satisfy the conditions of 4.5<f GR1 /fw<12 when f GR1 was made into the focal distance 
of the 1st lens group and fw was made into the focal distance in the wide end of the 
lens whole systemamendment of a spherical aberrationwide-field-angle[ sufficient ]- 
izingand a miniaturization can be attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] With drawing 2 thru/or drawing 4 a 1 st embodiment of this invention zoom 
lens is shownand this figure is a schematic diagram showing lens constitution. 
[Drawing 2] It is a figure showing the spherical aberration in a wide angle 
endastigmatismand a distortion aberration. 



[Drawing 3] It is a figure showing the spherical aberration in the middle focal position 
of a wide angle end and a tele edgeastigmatismand a distortion aberration. 
[Drawing 4] It is a figure showing the spherical aberration in a tele edgeastigmatismand 
a distortion aberration. 

[Drawing 5] With drawing 6 thru/or drawing 8 a 2nd embodiment of this invention zoom 
lens is shownand this figure is a schematic diagram showing lens constitution. 
[Drawing 6] It is a figure showing the spherical aberration in a wide angle 
endastigmatismand a distortion aberration. 

[Drawing 7] It is a figure showing the spherical aberration in the middle focal position 
of a wide angle end and a tele edgeastigmatismand a distortion aberration. 
[Drawing 8] It is a figure showing the spherical aberration in a tele edgeastigmatismand 
a distortion aberration. 

[Drawing 9] With drawing 1 0 thru/or drawing 12 a 3rd embodiment of this invention 
zoom lens is shownand this figure is a schematic diagram showing lens constitution. 
[Drawing 10] It is a figure showing the spherical aberration in a wide angle 
endastigmatismand a distortion aberration. 

[Drawing 1 1] It is a figure showing the spherical aberration in the middle focal position 
of a wide angle end and a tele edgeastigmatismand a distortion aberration. 
[Drawing 12] It is a figure showing the spherical aberration in a tele 
edgeastigmatismand a distortion aberration. 
[Description of Notations] 

1 [ — The 1st lens groupGR2 / — The 2nd lens groupGR3 / — The 3rd lens 
groupGR4 / — The 4th lens groupU / — The 1st lensL2 / -- The 2nd lensP / — 
PrismlMG / — Image surface ] — A zoom Iens2 — A zoom Iens3 — A zoom lensGR! 
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jE0!)ja»f***r**3 uvx»i» 
jEojB«f»**r**4 uvxsfctfsay. 

J: y X-5 >^*fr^ * a KStlfcX-A UVXKfcU 
±E» 1 UVXStfWWItfSHK, ft^SJ/T^I^WT 
iEOJffl^Slif **UVX©JS2 UVXlCfcoTHMl 
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[M*J»5] ff 1 UVX<D**ffll*lRll/ k fcBi*iaiE£ 
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»«fr*ii«a6iciB«©x-^uvx. 
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1 KE« LfcX-A U VXo 



4. 5< f GRl/f w< 1 2 

f GR1 :»1 uvxwomuSBfc 

f w : UvX^SW)7'f KttTOftAEfe 

*H#*2 KEKLfcX-AUVX„ 
4. 5<f GRl/f w<1 2 
fiU 

f GR1 :*1 UVX»©«jSE*. 

f w : U>X£SM>7-f K«?©J»jSS«» 

StfisRH 3 KEKLfcX-AUVXo 
4. 5< f GRl/f w< 1 2 
fiU 

f GR1 :*1 U>X»0«5jSE*» 

f w : UVX^*«07-f K*?©Jto£E*» 

[81*3116] ttT««fMEaiEr*Ci*W«i:r 
£!f *J«4 KE*8 LfcX-A U>X 0 
4. 5<f GRl/f w<l 2 
fiU 

f GR1 :*1 U>XIW>fljM6*. 

f w : U>X^»©7'f KJfTOilMUBft. 

[hmi 7] aT©*ft**er*ci*w«tT 

5 (CEtt LfcX- A UVX. 
4. 5< f GRl/f w<1 2 
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f w : U>X££07f K*|?<Dl*jSffi*. 
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4. 5< f GRl/f w< 1 2 

f 6R1 = * 1 L/VXi*<&J£j5S0lt 

f w : UVX^»©7'f KJKTOflySEIdU 
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4. 5< f GRl/f w< 1 2 
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f GR1 : *1 I'VXPOflUSBIIL 

f w : UvX£«07<f KttT<Ol»jSraBU 

tr*. 

*H*«8lcE«LfcX-i*UVX. 
4. 5<f GRl/f w<1 2 
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i uvx»ts jE©ji»f***r**2uv 
x«£#sa*uhP7*-ax*-rx©2iHiiJ8©x 

-AUVXtffc*,, LfrU C©«fedft2SHIWEOX- 
ZxUVXlCfioTtt. WSib«:**<T*EfcffilL 

<, */t, x-sv^n»fticfli^T**t.»ki-*©-p 
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[00 191*1 l/VXSGR 1 W\ WWHfrSHfcs 
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fct>©T£3,> 
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©SH©?-5x £*> 1 o©ffitf#i*ElcJ:oTfli 

n d L 1 > 1 . 7 5 (&tt5£ 1 ) 
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©L, n d L 1 liJg 1 UVXL 1 ©d«?©H*r*?* 
U» vdLIUttl UVXL1©dlTW)7v'<8reS 

[002 1] &#3 1 IE©JISWJ**rr** 1 U> 

xs¥g r i **jSTsft©jBffa*frr«*u>XT* 
smi uvxl 1 tcj:*iEiajoai©384**a«£-r*fe 

46©t©T$5o BP'S, n d L 1 OtWfcftaiW^ 
TttS*ti*BIWii:a*i:» U>X 
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[0027] *ftsc3«, jEojnffA««r«iti u> 
xi¥G r i (DUkjjSiEii^ isyx&itoMi$SBmt<Dtt* 
BP-Ss fGRi/fw©«tf4. 

5WTia*i:» mi I/VX»GR1©IE«>/<7-jMb 



11=35. 114 


dl-1.8 


ndLl-1. 85000 


vdLl-215 


82-16.675 


42-5.5 








43-15 


ndP-1. 56883 


vdP-56.0 


84— 


d4-8.5 


ndP-1. 56888 


vdP-56.0 


85— 


d6=0.5 






88=46.647 


d6-2.8 


odL2-l. 76811 


vdL2=49.7 


87=-S8.962 


d7=nrlable 






IS' -64.828 


(18-1.1 


ndL8-l. 84000 


udUMlO 


89=14.768 


dO=l.l 






810-140.620 


dlO-1. 1 


DdU-1. 75859 


V4L4-51.0 


811=8.989 


dll=2.0 


udL5=l. 84606 


V4L5-218 


812-11266 


dl2=wriable 






818— 


418-1. S 






814-1 384(ASF) 


414-2.0 


ndl6-l. 80610 


V4L6-40.7 


815=12.687 


dl5*variable 






816-7.522 


416-10 


ndL7=L 75965 


vdL7-50.8 


817-48.265 


417-1.6 


ndL8-L 84666 


vdU-218 


818-6.007 


418-18 


ndL9-L 69860 


V4L9-513 


819-24. 197CASP) 


dlO-rariable 






HO— 


420-1.5 


ndLP-1. 55282 


vdLP-63-4 


82I-o. 


421-1.2 


odIB-1. 51080 


vd»=64.2 


822-" 


422-1.00 






828— 


d28*175 


DdCG=l. 55671 


vdCQ=516 


884— 


424-1.0 















[0031] ±iB5i icatr*3i£. x-auvxi <» x-=y?RTf7 *-t>z/>mmzw?T$a®md 



<4ya^Tv m uvxpgr i rtoiEojasf*** 

T % Cl©*lx>XL2Tii^iSiRM©ffiiE^7*4<4 

56\ x«» ft©a»f7}**r5*uvXT'*«»i u 

>XO/\°9-6^<4oTLSoT. +#4l£Hft<btf 
Eitlc4oTL^? 0 Sfcu fGRl/fw©«#1 2W 
±1=4*^ *1 UVX8GR 1 <7>IE0/\°7-tfSi<& 

[0 0 2 8] #IC, m 1 7SSW3©JWJU:ttbSX- 
A U>X 1 ftM 3 OSWW^lEOfTWRir*. 
[0 0 2 9] S 1 (CX-AUVX 1 ©«»ffl*^-r. 
R i (ASP) £ttf3Lfcffitt##B5 

«nm ) o 

[0030] 
[«1] 



12000-1 3 1 6 1 0 



7, d 1 2, d 1 5&tfd 1 9ltpjm (v a r i a b I 
e) T-353o feiT. mUZfcftm (f = 5. 3) , a 

ss (f = 1 5. 6) Rximmtm^iKo^m^ 

HlW (f =9. 0) KfcttSd 7, d 1 2, d 1 5&tf 
d 1 9(0«tt«. MtflC FNo. , fatfw^t. 

[0032] 

[S2] 



f 


5.3 


9.0 


15.5 


FNo. 


2.4 


2.6 


11 


0) 


37.0* 


24 0* 


14.5' 


d7 


0.8 


8.36 


13.76 


dl2 


15. 01 


7.45 


2.05 


dl5 


7.02 


4.96 


2.0 


dl9 


4.82 


6.88 


9.84 



[0 0 3 3] XTc. *3U>X»GR3©Jff6UVXL 
6flMttMM)ffiS 1 4StfM4 UVXSG R 4<DJg9 U 
>XL 9<D®E<I©®S 1 9«^®^<tQT«fi)6?n 
Tt*S. J-XT0)a3lC±IBSS 1 4Stf S 1 904*, 
6& 8 3H6tf1 0»<0#3«iii«aC4» C6, C8S 

ifc 1 o*sr. 

[0034] 
[S3] 





K 


C4 


C6 


C8 


CIO 


S140U4) 


0 


-0.9142B-04 


0. 3T75E-05 


-0.43081-08 


0.15901-07 


SMOM) 


6 


6. 12171-02 


0. 24588-04 


0.12368-05 


0. 12358-07 



[003 5] ^ ±!ES3+4> TEj (4, 1 0*Etf 

* 1 1 Kfci^Ttim ) . 

[0 0 3 6] m2Tbmm4^zX-U\s>X^<Dfcftim. 

r. N. J«lll«MBl=aB^T, M»e«g («fi5 4 
6. 1 nm) s i« (fcfy^©fi^*fl!«B») ttC*8 

(tI6 5 6. 3nm), -£fUllidflU W*SttF*g! 

($114 8 6. 1 nm). =jHMtt»gtl OKA 4 3 
5. 8nm) lCfe^*«*Sftifl!)?*y» ^jjHRSB 



[0 0 3 7] ±IBX-L>U>Xl tCfi^Ttt* £4 UV 
X»GR4*3«©UVXL7. L8affL9fl)»§l/ 
VXK cfc o T*l8T 5 c t ie «t y » Jff 4 U VXW G R 4 
rt?©»WcJ:«#iijofflti*/jx*< L, H&*«M 

[0 0 3 8] «4KX-^UVX2®4H»«*wr. 

[0039] 

»4] 



#M 2000-131610 



11=48.203 


dl-2.0 


ndLl-1.846e8 


x«U,M3.B 


IMC. 064 


d2«4.0 






IS— 


d8=9.5 


adM. 5(888 


vdP.56.0 


w- 


d4«8.5 


ndP-1. 56883 


KdP=56.0 


15— 


d6=0.5 






W-40.072 


<J6-2.8 


ndli-L 88500 


vdL2=4S.O 


t7»-4M72 


d7-Tarlable 






IS* 1N.120 


d8=l. 1 


ndL8»l. 83500 


vdL3«43.0 


tt-11.909 


dS-1.29 






U0— 


dlO»1.0 


ndU'l. 75869 


fdU=51.6 


811-7. 755 


dll-2.2 


ndL5-l. 84686 


xdL5<28.8 


B12=31. 164 


dl2«wiable 






«18— 


dl8=1.5 






114*1 8450?) 


dl4«1.5 


DdU-1. 61350 


vdL6»53.S 


115-18.742 


dlS'variable 






MM. 080 


dlB=2.5 


DdL7*l. 68850 


*<JL7-53.3 


U7-I.0M 


<U7«L0 


DdL8*l. 84066 


fdL8.28.8 


M--104.131 


dl8*4.7S 






HH86. IH (ASP) 


dl9-1.0 


DdU-1. 49200 


fdU-57.2 


m*S4.masr) 


d20-wri«.blo 






HI— 


d21*1.5 


ndLM. 55232 


vdlP.68.4 


m=~ 


d22*1.2 


ndll-l. 51680 


vdIR-64.2 


K8— 


d2S-1.0 






H4— 


d24-0. 75 


ndCG-1. 55671 


j/dCC-58.6 


MS— 


425*1.0 






Bf.. 









[0 0 4 0] ±E«4H:5?rj:5fc, X-U\syX2<J) 

x- = y <fjkzfy *—h*/y mmm xmrnm d 

7, d 1 2, d 1 5&rj'd 2 OttnTS (v a r i a b I 
e) T-353o ftoT, *5K£Sffi (f = 5. 3) , H 

at* (f = 1 5. 5) Ktfo^mtwamt^nmiSi 

mm (f=9. 0) Kfctt^d 7, d12, d15»tf 
d2 0O«Mi\ MWc. FNo. , fSTJaj^To 

[004 1] 

«5] 



[0 0 4 2] S7c. Jg3UVX#GR3©lfl6U>XL 
6©%#ffllJ<7)®S 1 4»tf»4 UVXSG R 44)89 U 
VXL 9©%lttfflyOES 1 9SrJBE«iJ©SS 2 Ott# 
3«Dlitc«l:-3T*(a**iT^«. JWT©«6lE±EBiS1 
4. S 1 9&rjS2 0<D43u 8Afttf 1 0«O 

*3»Bi«»C4» C6, CS&tfC 1 O^To 

[0043] 

[*6] 



f 


5.3 


9.0 


15.5 


no. 


2-8 


8.1 


18 


(0 


87.0' 


240' 


14.5' 


d7 


0.8 


7.17 


11.4 


dl2 


12.65 


8,28 


2.05 


dlS 


8.99 


6.09 


2.0 


d20 


8,87 


6.57 


16.68 



(8) 



1fli2000-1 3 1 6 1 0 







C4 


C6 


C8 


CIO 


S140U4) 


0 


-0.184I-OS 


0.W70E-05 


-0.11441-05 


0.4671K-07 


S1&CK19) 


o 


-0.9O7B-08 


0.8T20EM 


-0.07711-06 


0.S284B-06 


SZO(KO) 




-0.54121-04 


0.7202E-04 


-0.88001-05 


0.4630E-06 



[0 0 4 4] H671£H8lcX-AUVX2©I13lflL 

t. ft* JflBJOaBHCfi^T, ftflltteflU jsaac 
MU -jS*flH*d«U WtttFflL gfllKS 



[0 0 4 5] S/iis X-^U>X2tCfc^T«, 3&4U 
VX#GR 40319 UVXL 9^77 7.^^ 

iS?*5X-AU>XJ&«SfiKLT^«o 

[0 0 4 6] m7tcx-i*is>X3 0)*mt&mt. 

[0047] 
»7] 



EI**. Ml 


dl*!. 8 


□dLl-1. 86000 


fdU-28.6 


12-16. 216CASP) 


<e-s.s 






RS«~ 


dS-9.5 


odP-1. 58883 


vdT-S&O 


14— 


d4-8.5 


DdP-1. 58883 


fdP-56.0 




(15-0.5 






n-aiM 


dS-2.8 


DdU-1. 76668 


fdL2-49.9 


17-56.288 


d7«wie*le 






M-53.728 


d8>l.l 


ndLS-1. 84000 


i/dLS-43.0 


■9-17.458 


dO'1.1 






I10-~ 


dlO-1. 0 


ndU-1. 04000 


fdU-43.0 


»11=7. 863 


dll-2.0 


ndL5=l. 83916 


vdLS.28.8 


112-48.420 


dl2imrlable 






R13=- 


dlS=1.5 






M4-10.484(ASP) 


dl4=2.0 


ndU-l. 80610 


vdl8-40.7 


115*15. OOC 


dlS-varlable 






116-7.899 


dl6-3.0 


ndL7=l. 79554 


*dL7=4M 


JQ7-S3.011 


dlT-1.5 


ndU-l. 80688 


ydU-25.6 


118-8.097 


dl8«S.3 


ndL9=l. 69860 


vdLO-53.3 


B8-B.0I5«SP> 


dlt-Tsriable 






no-. 


420-1.6 


ndLP=l. 55282 


vdLP-63.4 


ra- 


d21-1.2 


odll-l. 51680 


vdIM4.2 


ni— 


d22«1.0 








d2S-0.75 


ndOG-1. 56871 


vdCG-58.6 


w— 


d24»l-0 






HO- 









[0 0 4 8] ±KS7iasr<fc3lC» X-AUVX3© 
X- 5 > <fRZfy * - y»fFlc#o TEH H d 
7, d 1 2, d 1 5S7jd 1 9&RTS (v a r i a b I 
e) i^T, «8K£ftS (f = 5. 3) % If 

ja* (f = 1 5. 5) B&&Amtwamt<o+mM& 

VIM (f =9. 0) iCfcttSd 7, d 1 2, d 1 5&tf 
d 1 9<0&IML Jtl«c, FNo., fStfoj^fo 
[0049] 



(9) 



f#M2000-1 3 16 10 



f 


5.3 


9.0 


15.5 


FSo. 


2-4 


2.6 


9.1 


a 


87.0* 


24.0' 


14.5° 


d7 


0.8 


8.08 


13.2 


dl2 


14.41 


7.12 


2.0 


dl5 


7.28 


5.11 


2.0 


dlB 


5.19 


7.84 


10.45 



[0 0 5 0] £fc, Ml UVXS©»1 UVXL 1 ©ft 
05ffiiJ©ES2, 3l3U>Xi¥GR3©3!6U;/XL6© 

mwmvms i 4&tfst4 uvxsg r 40319 u>x 

L9©ftEffiiJ©ES 1 9B#SKBlCJ:oT«W8*tlTt'' 
ttT©S3lE±KffiS2» S14Sys19©4 
6#, 8*fitf1 0*©#»iE««C4, C6, C 
8&t>C 1 0*Sf. 
[00 5 1] 
[*9] 





* 


C4 


n 


C8 


CIO 


S20B) 


• 


-0. 44752-05 


O.2O8SE-07 


-0.82888-10 


-0. 79208-12 


S14(E14) 


0 


-0.6561E-04 


0. 17098-05 


-0. 1885E-08 


0.69812-08 


819(118) 


0 


0.1058E-02 


0.2442B-04 


0. 47978-08 


0. 34751-07 



[0 0 5 2] X-2»UVX3lCj3^Ttt» ±fBLftJ;5 
K, 31 1 U>X«G R 1 1*303? 1 U>XL 1 ©ftMJ© 
■ S2*#3«|IHEJ:-3T«MW*CfcI=J:-aT, MM 

[0 0 5 3] 01 O71M01 2tcX-/*L/>X3©)£;ft 

flu -jSfttiHidflu ®fli«Ffl5. gates 

?5^/H*®, fifcflili* 'J r <r * ±;l/ft®lz:fctt*ffi* 



[0 0 5 4] ±EX-^L/VX3lCfc^Ttts 3110* 
JMW=fiH-*X-AU>XliBW«c» 3l4U>Xf¥G 
R4£3#t©UVXL 7, L 8atf L 9©»£UVXfc 
*oT«WW*Ct(cJ:y, !4l/VXBGR4rtW) 

[0055] vcFvm 1 o ic±ejs i 3 ©mm 

IC/TT LftX- A b> X 1 TbS 3 ©fcfrSC 1 TbS 3 ©&& 

#**tt*fc»©^«xo«^3©«*ji*-r. 

[0056] 
»1 0] 





ndLl 


vdLl 


fGRl 


fw 


fCRl/fw 




1.85000 


23.5 


38.29 


5.3 


7.22 


2 


1.84868 


23.8 


32.99 


5.3 


6.22 


3 


1.85000 


28.5 


38.94 


5.3 


6.97 



[0 0 5 7] X-AU>Xl71jM3tt, ±E*1 0fr6 
*>m Sfrfc*3tc» *ft5t1 715 3 ©*«*»£ U S 
ft, #iR«Htc5irJ:3(c» 

XS<ffiiEJtlTt^o 
[0 0 5 8] C©«fc3tt:, X-/.UVX 171)2 31*, <£ 

©Tfcy, MiK*fcftfflE*|jE*ti7V*fcak ft 
fc, P|}|Mk0!}»t^a«iR?«ffiffi Lftxv^bX^/l/A 
*5ffl<!:LT$?®&fc©-?£*„ 
[0 0 5 9] fS, i3EJt*©JBttfcSl*TjSLfc#«© 

fcoT©Jif«fc©i^©HMHSLfct»©icii*?*\ c 

tl 6 K * o T**W©afBttttHfl 5 H*tt(=«HR* ft* 
E£*M5oTt*ftSftl.**i©?**. 
[0060] 



[5§^tD3am] «±KE* L ft <!: C 3 5 EE 6 <fc ? 
tc*^X-A U >Xtt, 4t#flfr6ftiffl!'N£jaKs 

*3i2U>X#<t, jEOJH«f**er*«3UVX» 

3i2 uvx»t*4 [s>xmt*&mazzticjiv 

X- = V^t? * 3 K LftX-Z* U VXlcfc^T, 31 
1 UVX««W«WfrSMKE» ft©JHff7J**T**l/ 

vx©m uvx, ^K^jwyttif^yyx^, ie©s 

*r73 * * U > X©« 2 U > Xlc J: o T*J8 L ft © 
?, tfx**J*5>, 7*5>*;UX*;l/**5»©/.hSl©Ji 
ftttttKB&ttSfiStt 3 fge*©X- A UVXfc'hSKb 

[006 1] H5R3S2lcfBt8LftX-/*U>'XtcSoT 
(±, n d L 1 £3! 1 U>X©dtrP©JBJff*. v d L 1 

zmMsyXndmoyv^&ttzt. ndn> 



(10) 



&M2000-1 3 16 10 



1. 7 5, i/dL1<3 0<D**fr*»fi-r**3tCL 
[0 0 6 2] B«9l3(CE«LfcX-^I/VXtC*oT 

[0 0 6 3] S^471Sii^6lc|B«Lfc»IJBl::* 
oTti, Ml U>XcD«*ffiiJ£l^fcffi££iE<h Lfc© 
T\ lxVX^3R-WiiE-r*Ci:fl«H«i:ft*Jl<)!)ffiiaJR 

[0064] 7 71MW*« 1 2 (CgBRK LfcJMSK 

* o T tts m 4 U > XR**fiEf 51/> XO*DBO o 

*>. iffi*#»ffiic«fcoT«#Lfc©?» m 

i uvxs=j:y*sr*i£ft*icfew-*ft©ffiiaiH* 

[0065] If 5R3S 1 3 HSU*?! 2 4 tCfBiB Lfc^^ 
K*oTU\ fGR1*»1 UVXSOftjSE*, fw* 

is>x£%o>'j'(mT°o)m!5ismtTzt, 4. 5< 

fGRl/f w<1 2©*ft«Wir*J:3l=Lfc«)-p, 

[0Eofs*&iaE] 

[an m27hmm4tmz. *»HX-i^>x©js 

[02] j£AWc£(t««iiiR». #£iRS&tf£f8liK 



[04] OSWC&ttSSBiRfe ^iRSKtfSiaiiR 
[05] 06^08 tmc, *»WX-AUVXO* 

2 ©jtftojBtt^fb©?* y s *hw: u vxsws* 
swiwbi?**. 

[06] fcmic&iizmmm. #&mmmm 

[07] £fttt£aatf£<Z>*NMj£ttBK£(*«8iS 
HXMx ^iRMStj : ^ffli|XS^^-r0T-S«„ 
[08] B&IK&tt&KBBiRS* #AOS&&£iHriZ 

[09] 01 Oft£01 2«h«lC *«BX-AUVX 

com 3 ©*tt©jBtt*w-r to?* y . *■» u>x« 
[01 0] jzanicsttssivrat* #Afis&tfsa 

[011] tift*£ratt£e*MJkj£tt11tc£(*«3 
DiKSv ?^iRSSti : MfliRM^^-r0-p**o 

[012] OiMKSttSSiii'Kft. #£iRS&tf£tt 
*»*jj*TH?**. 

[Wrong] 

1-X-&U>X» 2-X-AUVX. 3-X-AUV 
X GR1 •miU>X^ GR2-«2UVX8* G 
R3-m3UVXS*. GR4-»4UVXHf» L 1 ■•■« 
1 l/VX> L2-m2UVXs P-XyXA, IMG- 

•dd 



[02] 




1200 0-1 3 1 6 1 0 




&SB2 0 0 0-1 3 1 6 1 0 



F 2H087 KA03 MA15 PA06 PA07 PA19 

PB09 QA02 QA06 QA17 QA21 
QA26 QA32 QA37 QA42 QA45 
RA05 RA12 RA32 RA41 RA43 
SA23 SA27 SA29 SA32 SA63 
SA65 SB03 SB14 SB22 SB34 
TA03 



